
Estimation of Groundwater Flux 
;.. Develop bounding estimates of groundwater 

flux across impoundments 
• Estimated flow gain based on USGS gage 

data and LTI drainage area proration 
analysis 

• Checked against groundwat er flux estimate 
based on Darcy's Law 

;.. Four Impoundment areas evaluated: 
• Plainwell 
• Otsego City 
• Otsego 
• Trowbridge 

Flow Balancing 
; Conducted flow balance between 

ComoiOclc end Plainwell (water yo ... 
2001· 2003) 
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Groundwater Flow Estimates 
;.. Balancing approach was used to estimate flow 

gains f rom groundwater across the Impoundments 

l> Evaluated seven I methods 

• Method 1: use difference between total inflow 

and Q.,. 1 to ca lculate groundwater flux 
• Determined thlt method was too Imprecise 

• SubtractinG two relatively large numbe rt 
(lnstream flows) to obtain a small number results 
In uncertain est imate 

• C..lculated GW flow wu proportional to river 

now, sugge ttlng gage error dominates 



Groundwater Flow Estimates 

>- Methods to estimate GW flux (continued): 

• Method 2: use· portion of direct drainage as 

groundwater now 
• USGS •tudy found that 75% of precipitation 

lnflltrat01 and contribute. to GW now; remaining 
250fo Is surface runoff (Rheaume 1990) 

• Key auumptlon.: 
• local precipitation along river is molt 

Important contributo r to groundwater inOux 

• DO estimate& are rea.onablo (demonctrated 
by cloclng flow balaneo over entlro reach) 

• Calculate GW flow as 75% of DO 

, Compared direct drainage method calculation 
(Method 2) using Darcy's Law 

Groundwater Flow Estimates 

" Darcy's Law 
, Groundwater flow rate Is proportional to 

the c:ross-sec:tional area times the hydraulic 

gradient 

• Used boundlnp approach based on range of 

parameter values 
• Hydraulic gradient and conductivity (Rheaume 

1990) 
• Drift thicknesa (Monahan ot al. 1983) 

• Impoundmentaurfacc area from GIS (CH2M Hill) 
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Groundwater Flow Estimates 
> Lorge uncertainty uaocloted with Darcy calculation 

(I.e., GW flow eotim.ate.& range over two orders of 
m:>gnitude) 

; Direct d raln:>ge calculation method results generally 

consi•tent with Darcy utimatu; near lowe r end of 

uncertainty range 
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Groundwater Flow Estimates 

7 0.'15 

6 I ~i=~~ {crt) ~- - - 0.4 

O.lS! 
is 0.3 l 
!4 ------------ 0.25 l 
• j3 

0.2 ; 

Jz 
O.IS ~ 

0.1 I 
1 o.os 
0 0 

l'loin-11 Ol:logoaty Ots .. • 'nwlllr1dto 

Groundwater Flow Estimates 

Groundwater Flux Eatlm:>tes 

Impoundment DO Method Oorey (meon) 

"" 
'IOool CM/d do 'IOool 011'1/d 
""'Q tlwr Q 

Plainwell :u 0.1 18 10 0.9 u.a 

0-0iy LS 0.1 1.1 18 1.3 12.1 

oa..vu li,Q 0.4 4.3 19 1.3 n.a 

lrowbndge 5.1 o.3 1.7 42 2.1 12.1 
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Groundwater Flow Estimates 

)> Calculation of PCB loading from these 
flow rates and comparison to measured 

in-river loads w ill provide an additional 

check 
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